We report on a detailed study of emissions from a pilot-plant for CO 2 capture at Maasvlakte (in the Netherlands). Three contributions to emissions were identified and analyzed: Gas phase emission, aerosols (also referred to as mist or fog) and droplets of entrained solvents. For the emission campaign at Maasvlakte aerosols were found to be the major contributor to overall emissions. Entrainment was found to be a very small contributor to overall emissions. A Brownian demister unit (BDU) was tested as an emission reducing technology. It was found to be very efficient in reducing aerosol emissions.
Introduction
Within the field of post-combustion CO 2 capture the focus has until recently been on improving the energy performance of the process. As we are coming closer to building full scale CO 2 capture plants there has been a growing focus on the potential emissions from such plants. There is a need to accurately quantify emissions of all significant compounds. It is also clearly advantageous to understand how these emissions are influenced by factors such as; plant operation, plant design and nature of the exhaust gas being treated.
While CO 2 absorption is an established technology within gas processing, the potential issue of emissions to air are unique to post-combustion CO 2 capture. Emissions from CO 2 capture plants also differ in significant ways from those of other industrial sources. This means that emission monitoring techniques cannot be adopted from other emission sources without careful consideration. Some of the key challenges of monitoring of CO 2 capture plant emissions are the high humidity of the gas and the chemical reactivity of some of the emitted components.
Emissions from a CO 2 capture plant can be separated into three contributions; gas-phase emissions, mist emissions (in the form of aerosols) and liquid entrainment. Gas-phase emissions are a result of the vapour pressure of components present in the absorber (solvent and degradation products). Mist emissions may result from components present in the gas phase in the absorber being transformed into wet aerosols by condensation. Once components are taken up into aerosols they will be transported by the aerosols out of the plant. Liquid entrainment is a result of absorption liquid droplets being carried by the gas flow. In order to understand and predict emissions it would clearly be advantageous to understand the relative importance of the different form of emissions.
Understanding and modelling of gas-phase emissions is relatively simple. The emission is a function of the vapour pressure of the component in question and the temperature in the gas-phase. The main uncertainty is how quickly the system reaches equilibrium. The water-wash system on a conventional CO 2 capture plant is intended to control gas-phase emissions.
Liquid entrainment is also a phenomenon relatively easy to interpret. As the gas velocity increases in the absorber solvent droplets are more likely to be carried with the gas.
Mist emission is on the other hand a somewhat more complex phenomenon. Solvent (or degradation products) present in the gas phase in the absorber may condense on condensation nuclei present in the exhaust gas forming wet aerosols. The extent of mist emissions is very difficult to predict a priori. Mist emissions will depend on the nature of condensation nuclei present and on the temperature gradients in the system. Different components will also have different susceptibility to mist emissions. Volatile compounds such as ammonia do not condense to a significant degree. Non-volatile compounds are on the other hand not present in the gas-phase to a significant degree and therefore not available for condensation on aerosols. Mist emissions are therefore likely to be most significant for hydrophilic components with a significant vapor-pressure at absorber conditions. It appears that MEA is an example of a component that might easily promote fog formation and mist emissions. Once formed mist is likely to go through the water-wash system unaffected. Conventional demisters are also likely to have a limited effect on controlling mist emissions.
In the present study emission measurements were carried out in order to gain understanding of the different contributions to plant emissions.
Pilot plant
The study was carried out at a post-combustion CO 2 capture pilot plant at the Maasvlakte coal power plant in Rotterdam. The plant is a 1080 MW power station, producing between 4-7 thousand ton flue gas and 400-800 ton CO 2 per hour. The installed CO 2 capture plant can handle 1500 m3/h of flue gas and captures maximum 250 kg/h CO 2 equivalent to 1/3 MW.
In the present study a Brownian Demister Unit was installed on the pilot plant. The Brownian Demister Unit (BDU) is intended primarily for the removal of very fine mist particles of less than 2 microns. A combination of impingement for removing greater than 1-2 microns and diffusion for finer particles where Brownian motion becomes increasingly predominant is the mechanism of operation for a BDU. The motivation for installing the BDU was to assess it as a potential emission reducing technology. The BDU did however also give a lot of information on emissions.
Emission Measurement Methods
In the present work a variety of different methods were utilized to study the emissions. The focus was on determining the composition of the emissions, and on quantifying mist emissions and liquid entrainment.
Impinger trains with acid solutions were utilized for gas sampling. This sampling train was designed to capture both mist and gas phase emissions. The gas sampling points were:
1.
Between absorber (A) and water wash (WW) unit 2.
Between WW and demister 3.
Above demister (highest point) 4.
Inlet BDU 5.
Outlet BDU Analysis of gas samples was carried out by LC-MS based methods. The condensate collected in the BDU was also analyzed.
Three types of instrument were utilized to study mist emissions: an ELPI (Electrical Low Pressure Impactor), an aerodynamic particle sizer (APS) and a fog sensor.
In an ELPI multi stage or cascade impactors can be used to collect aerosol particles in the different size classes. Air is pumped through a small nozzle or set of nozzles with a certain flow rate. Below the air entrance is a collection plate. The air has to make a sharp turn around this collection plate and due to their inertia larger (heavier) particles cannot follow the air flow and impact on the plate. Smaller particles remain entrained. Next the air is led through subsequently smaller nozzles, increasing the air velocity and causing increasingly smaller particles to impact and be collected on the collection plates.
In an APS the air with the aerosol particles is led through a nozzle to a laser beam where the light scattered by the particles is detected. The intensity of the laser beam is crested resulting in a double peaked signal. The time between the two peaks is a measure for the particle velocity. At the nozzle exit the particles have a velocity v1. Through an outer nozzle air without particles is pumped at a rate of 4 l/min resulting in air velocity v2. Small particles adapt quickly to the new velocity. Large particles have barely changed their velocity by the time they pass through the laser beam. Based on the time of flight between the peaks in the laser particles between 0.5 and 20 m can be sized in 50 size classes.
The fog sensor is an optical instrument measuring the scattering of light as a result of aerosols. The fog sensor gives results of a qualitative nature in terms of mass of aerosols.
A FTIR instrument was also used to measure solvent emissions.
Results of emission measurements
In Table 1 are shown some of the main results of the emission measurement campaign. A key observation is that the MEA concentration before the BDU (but after the plants water-wash and conventional demister) is high. It can also be seen that the BDU is very efficient in reducing the MEA emissions. This is entirely consistent with the emissions being predominantly in the form of mist. It can also be noted that emissions fluctuated substantially in periods with relatively stable plant operation.
We also studied the mass balance across the BDU unit in order to check the reliability of measurements. The MEA concentrations in the gas phase before and after BDU were compared with the amount of MEA collected in the BDU. By comparing MEA concentrations "In BDU", "Out BDU" and "BDU Catch" in Table 1 we can see that the gas phase measurements are consistent with the MEA collected in the BDU. This result suggest that the sampling train utilized gave a quantitatively accurate picture of plant emissions. Ammonia emissions were also measured during the campaign. They were found not to be affected by the BDU. This is consistent with the ammonia emissions being in gaseous state.
Analysis was also carried out of nitrosamines and MEA-nitramine during the campaign. The nitrosamines analysed were N-nitrosodiethanolamine, N-nitrosodimethylamine and N-nitrosomorpholine. The concentration of these in the emissions ranged from 5 to 47 ng/Nm 3 . The MEA-nitramine was found in similar concentrations to the nitrosamines.
The Sauter Mean Diameter of aerosols entering the BDU was on average calculated to be 4.3 m, with substantial variations between measuring intervals. This was calculated with data from fog sensor and liquid volume fraction.
Comparison between the manual sampling and the FTIR instrument showed reasonable qualitative agreement but poor quantitative agreement. This is can be due to differences between the sampling points utilized.
Conclusions
For the emission campaign reported in the present work aerosols were found to be the major contributor to overall emissions. Entrainment was found to be a very small contributor to overall emissions. A Brownian demister unit (BDU) was tested as an emission reducing technology. It was found to be very efficient in reducing aerosol emissions. The emission levels of MEA at the capture plant were higher than initially anticipated. There are several factors that may account for this. The exhaust gas may have a high content of condensation nuclei. This can in combination with temperature gradients in the absorber result in high solvent concentration in mist.
